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Abstract 
Distribution centers are considered a sustainable way to decrease the impacts of heavy 
vehicle movements in urban areas. These transshipment points, which are used 1either for 
consolidation, deconsolidation, or cross-docking between different modes or vehicles, help to 
achieve an effective logistics operation. Therefore, the choice of freight actors to use these 
facilities is of great interest to logistics managers. This paper examines the choice of using 
distribution centers in the container import chain, either as an intermediate stop or a location for 
unpacking, versus direct haul delivery. The data used in this research is drawn from the 
Import/Export study for the Port of Brisbane, Australia in 2013. As some of the relevant attributes 
for the choice model may be missing (as is typical in freight studies), the key contribution of this 
research is in specifying a hybrid choice model where missing information has been treated as a 
latent variable. Another key contribution is that the results reveal how both the land use at 
destinations and the number of employees in various sectors play an important role in the choice, 
in addition to the effects of commodity type on the choice process. Practical findings of this study 
are: (i) the shipments that are stored in distribution centers have smaller sizes with longer 
distances, whereas shipments with heavier weight or those that arrive on weekends are delivered 
directly; (ii) distribution centers are used more when the arrival time is earlier during the day; (iii) 
the weight of shipments is heavier when the shipments are destined to suburbs with higher 
commercial land use area, and also when they are destined to suburbs with a high number of 
employees in wholesale trade; (iv) the probability of using a distribution center as an intermediate 
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stop increases with an increase in the number of major retailers and the smaller number of 
employees in the wholesale sector in the destination zone; (v) agricultural commodities are most 
likely to be transported directly, whereas direct delivery is less preferred when the number of 
major industrial parks at the destination suburb increases. 
Introduction 
With the global growth of containerization, distribution centers (DCs) play an 
important role to counteract the negative effects of city freight logistics. The primary 
goal of city logistics managers is to develop strategies that improve customer 
(importer/exporter) satisfaction through a faster, more economic, and efficient way of 
moving freight. Secondary objectives include reducing externalities such as pollution, 
congestion, and land use impacts, and driving economic growth through logistics 
operations. However, because urban DCs impose an extra cost on carriers, they are 
unlikely to be successful without the financial support from the city authorities, as 
their usage has been estimated to be higher in theory than it later turned out to be in 
practice ([KAN 16]; [KAW 06]). Therefore, it is important to understand what attributes 
affect the choice of direct delivery (without using DCs) versus DCs as either an 
intermediate stop or a terminal stop for storage or packing/unpacking.  
Although the logistics literature is not devoid of studies that embed the use of DCs 
in the modelling process, modelling the decision to use DCs has not received 
considerable attention. GOODCHILD, et al. [GOO 08] addressed a gap in the literature 
by capturing underlying economic forces that make it beneficial for shippers to use 
multimodal DCs at ports. Carriers’ decisions to use DCs and the policy implications 
of these decisions were modelled with an agent-based approach in other recent works 
([VAN 12]; [TEO 15]). To the best of our knowledge, no discrete choice model has 
been specified that reveals shippers’ preferences about the use of DCs. 
Thus, the objective of this study is to investigate the relationship between shipment 
characteristics and the decision to use DCs in the container import chain, either as an 
intermediate stop or as a location for unpacking. More specifically, we explore this 
relationship through a discrete choice model on the use of DCs. As some of the 
relevant attributes for modelling this choice may be missing among the survey data 
(e.g., commodity type, weight, or shipment arrival time), this study proposes the use 
of a hybrid choice model to compensate for the missing observations while producing 
unbiased estimates for the choice model. Thus, this study focuses on the choices that 
importers make as to whether to ship containers directly from stevedores to the final 
destinations or to use DCs as an intermediate stop to transship (unpacking and 
delivering in smaller quantities). Critically, this study answers this question while it 
also solves the issue of the missing data that may be typical in freight survey data. 
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It should be noted that, in most choice models, records with missing data are often 
removed prior to the analysis. However, when the percentage of missing data is 
significant, removing the invalid records or missing responses causes the estimates of 
coefficients in the choice model to be biased. The main body of literature on the non-
response problem belongs to imputation [RAM 02], but latent variable models have 
also been applied in some social science studies. In the latter category,  early attempts 
focused on response and non-response to attitudinal items. KNOTT[KNO 91] used a 
latent variable model to recover information from the pattern of non-response when 
studying attitudes towards abortion; ALBANESE and KNOTT [ALB 92] defined a two-
dimension latent variable model for handling missing values of binary attitudinal 
responses in which both variables were assumed to be normally distributed and 
independent. MUIRCHEARTAIGH and MOUSTAKI [MUI 99] included metric latent 
variables. Notably, all of these studies were unable to handle more than two latent 
variables due to computational difficulties. RAMALHO and SMITH [RAM 02] proposed 
a likelihood-based approach to deal with missing data in discrete choice models when 
there is either “unit non-response” or “item non-response.” [SAN 14] addressed a 
missing response for household income with hybrid choice models using both SP and 
RP data. 
Accordingly, this study presents a hybrid choice model for treating missing data 
in full container movements in the import chain and providing unbiased estimates of 
the determinants for the choice of using DCs. The case study considers that nothing 
is known about the contents of containers, but yet there is considerable missing data 
for the arrival time at the destination and for the weight of the shipment. Therefore, 
two latent variables were specified, one for missing values of arrival time, and other 
for commodity type in interaction with the weight of the shipment. 
Methods 
Data 
Container shipments entering the Port of Brisbane (Australia) were chosen for the 
case study. The dataset was provided by the Port of Brisbane Import/Export Logistics 
Chain Study [POB 13] and includes the details of individual container movements: 
identification number, timestamps of arrival and departure, postcodes of origin and 
destination, weight of shipment, and size of container. This study focuses on the 
movements of full containers in import chains (8167 records) which are destined into 
different suburbs, mainly in Brisbane and some across the state, as shown in Figure 1. 
However, the spatial movement by tonnage is different as shown in Figure 2. 
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   Figure 1- The number of containers destined for importers (categorized by quantile) 
 
Figure 2- Tonnage of containers destined for importers (categorized by quantile) 
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Figure 3 shows the datasets and derived parameters to be examined as explanatory 
variables in the choice model. 
 
Figure 3- Datasets available for the study 
The import containers are disposed in one of three ways, as summarized in Figure 
4: (A) they are unpacked at DCs located inside or close to the port (44%); (B) they are 
stored for a couple of hours or days and then are handled to the importers (28%); (C) 
they are directly delivered to importers (28%). There is no information on the final 
destination of shipments unpacked at DCs, but it can be inferred that those shipments 
are in smaller quantities which have been bundled with other shipments in one 
container. In options (A) and (B), it may also be possible to use land use information 
at the destination in interaction with the weight of a shipment to infer a type of 
commodity; then, one could relate the choice of using a DC with different commodity 
types. 
* 
 
 
 
 
       
       
       * 
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Figure 4- Patterns of using DCs 
Model formulation 
We consider the choice of using a DC within the framework of a traditional 
random utility model where shippers seek to maximize their utility. The utility Uin of 
alternative i (either direct haul (choice A), storage at DC (choice B), or unpacking at 
DC(choice C)) for importer n is expressed as a function of a vector zn of socio-
economic characteristics of importer n and a vector xin of attributes of alternative i for 
importer n: 
( , ; )in n in inU V z x      [1.1] 
where β is a vector of coefficients to be estimated and εin is a random error component. 
The hybrid choice model [WAL 01] integrates latent variable models within the DC 
choice model, with the latent variables being partial or completely missing from the 
database. Consider a variable zn with missing data; it is possible to express the variable 
as a latent variable αn via a structural equation: 
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*( ; )s s sn n ng z       [1.2] 
where zn* is a subset of the vector of explanatory variables zn (obviously excluding the 
variable of interest), γs is a vector of coefficients to be estimated, ωns is assumed a 
normally distributed random error component, and σs is the scale. 
It should be noted that the definition of latent variable is simply that the variable 
cannot be measured directly. In this case, we have a single indicator (PIn) for each 
latent variable which would be given by the zn values, in order to retrieve an estimate 
of the missing values (actually, it is used to retrieve the measurement of the variables 
for all values), as suggested by SANKO, et al. [10]: 
( ) ( , )
( ) 1
n n n i
n n
PI z g
PI z
     [1.3] 
where ϛi is a vector of estimated parameters.Since the latent variables are not fully 
observed, the choice probability is obtained by integrating over the distribution of the 
error components of the latent variables αn: 
*ln ( | , , ; , , ) ( ) ( )
n
in in in n n xi zi n n n nn
L PC y x z PI z d             [1.4] 
where PCin is the probability of the choice i made by importer n,  stands for the 
normal density function, βα is the parameter associated with zn , latent variable αn, and 
yin is the indicator which equals one if it is the chosen alternative and zero otherwise. 
The probability of choosing to use a DC has a multinomial logit (MNL) formulation 
according to (5). 
*
*
exp( )
exp( )
x in z n n
in
x jn z n n
j
x zPC
x z


   
   
   
  [1.5] 
Since the independence of choice observations over importers is an important 
assumption to estimate the log-likelihood function described in (4), the containers of 
the same shipping lines, the same origin and destination and within a 15-min threshold 
in both arrival and departure timestamps were assumed bundled together as one 
shipment. Thus, the shipment is the modelling unit, which can consist of one or more 
containers. The hybrid model is estimated by maximizing the simulated log-
likelihood. Estimation was performed via Monte Carlo simulation using the 
PythonBiogeme software [BIE16] using Modified Latin Hypercube Sampling 
(MLHS) draws (number of draws: 1000) for the random component [HES 06]. 
if zn is observed 
if zn is missing 
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Model specification 
 In our case study, out of a sample of 8167 full containers in the import chain, 
the arrival time of containers at the port and also the reported weight of shipments 
were missing for 1552 (19%) and 3169 (39%) containers, respectively. The structural 
equation for the latent variable weight expresses the weight of the shipment in 
interaction with the commodity type, as a function of the characteristics of the ultimate 
destination of the shipment (for observed choices (A) and (B)), such as the area of 
commercial land use types in the destination suburb, and the number of employees 
per industry sector in the destination suburb. The structural equation for the latent 
variable time of arrival is expressed as a function of the number of employees in 
transport sector, and the area of commercial land use types in the destination zone 
(km2). These variables were the only statistically significant variables among other 
examined combinations. It should be noted that the unit of modeling is shipment 
which may consist of either several containers bundled together or a single container.  
1 2 3 intlog( ) Time Timen n n time timeTime empTransp empManuf areaCom coef           [1.6] 
4 5 intlog( ) weight weightn n n weight weightWeight empWholesale areaCom coef         [1.7] 
where Timen refers the arrival time of the shipment handled from the stevedores, 
Weightn is the reported weight of the cargo, empTranspn indicates the number of 
employees (thousands) in the transport and warehousing sector, and empManufn 
represents the number of employees (thousands) in the manufacturing sector at the 
final destination suburb. areaComn indicates the area of commercial land use (m2), 
and empWholesalen stands for the number of employees (thousands) in the 
wholesaling industry. The utility equations of the DC choice model are specified as 
follows, where the choice (C), unpacking at the DC, is considered as the reference 
alternative: 
1 2 3 4 5log( )A A n n n nU ASC Time Dis Weekend empAgr indust            [1.8] 
6 7 8log( )B B n n nU ASC Weight empWholesale retailers         [1.9] 
where UA and UB are the utilities of direct delivery and using DC as an intermediate 
stop, respectively; Disn indicates the total distance on the shortest path from the port 
to the ultimate destination suburb; Weekendn is a binary variable which equals 1 if the 
arrival time of the container was on a weekend or holiday; industn and empAgrn 
indicate the number of industrial parks and major DCs of general cargo at the 
destination suburb; and, retailersn and empWholesalen represent the number of major 
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retailers and the number of employees in the wholesaling sector in the destination 
suburb, respectively.  
Results 
Estimates of the hybrid choice model alongside the standalone choice model 
without latent variables (with and without missing values) are presented in Table 1. 
The comparison between the two first standalone choice models implies that the 
inclusion of missing observations outperforms the choice model with only observed 
values. However, the inclusion of latent variables not only notably improves the 
goodness of fit measures, but also, by applying a joint maximum likelihood estimation 
across both model components, overcomes the bias inherent in removing missing data. 
This result confirms previous findings by [SAN 14] that, in a hybrid framework, 
the latent variable can be used to explain the missing information based on other 
characteristics, easily circumventing the endogeneity problem, selection bias and loss 
of efficiency which will occur due to imputation or removal of missing data. 
Parameter estimates of employment and distance suggest that the probability of 
direct delivery also increases with an increase in the number of employees in the 
agricultural sector, which are mainly in rural areas, and also when the arrival date is 
on a weekend, while decreases by the higher distance between importer’s location and 
the port. On the other hand, direct delivery is less preferred in the case that the arrival 
time of shipments is after 7am and if, as well as shipments destined to suburbs with a 
smaller number of major industrial points (such as distribution centers, warehouses 
and industrial parks), but higher number of employees at the wholesaling sector. 
However, the results imply that shipments are most likely to be stored at DCs with 
increasing numbers of major retailers, while larger shipments either are delivered 
directly or unpacked at DCs. 
Turning to the structural equations for arrival time of shipments from stevedores, 
missing time values are explained by the number of employees in the manufacturing, 
transport and warehousing sectors, and by the area of commercial land uses in the 
suburb. The latent weight is explained by the number of employees in wholesale trade 
and the area of commercial land uses in the suburb. The estimates show that the weight 
of shipment increases when the destination of containers is located in a suburb with a 
higher wholesale trade sector and higher commercial land use area. 
Table 1 – Estimation results for choice model 
Parameters Hybrid Choice model 
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Standalone 
MNL (excl 
missing 
values) 
Standalone 
MNL 
(with 
missing 
values)
Choice 
model 
Latent variable model 
ASCA -0.25 
(-3.5) 
0.54 
(5.0) 
-0.89 
(-20.8) 
empTransp -0.16 
(-1.9)* 
empAgr 0.14 
(4.4) 
0.13 
(4.4) 
0.15 
(4.2) 
empManuf -0.03 
(-4.9) 
Dis -3.37 
(-19.1) 
-0.15 
(-19.2) 
-0.15 
(-19.4) 
areaComTime 0.02 
(11.2) 
Time - 1.33 
(11.8) 
-1.17 
(-12.1) 
coefintTime -0.09 
(-8.0) 
weekend 2.27 
(4.0) 
2.11 
(3.5) 
2.12 
(3.6) 
σTime 0.13 
(13.5) 
industr -0.48 
(-5.9) 
-0.47 
(-5.9) 
-0.50 
(-5.6) 
empWholesale 1.5 
(5.1) 
Timemissing - -1.46 
(-9.9) 
- areaComWeight 0.06 
(3.7) 
ASCB -3.11 
(-229.4) 
-2.83 
(-15.7) 
-6.06 
(-8.4) 
CoefintWeight -4.6 
(-155.6) 
Weight - -1.65 
(7.8) 
-0.62 
(-4.3) 
σWeight 0.82 
(38.1) 
empWholesale -11.3 
(-3.5) 
-7.83 
(-2.0) 
-1.5 
(-5.1) 
  
retailers 0.27 
(4.2) 
0.31 
(5.3) 
0.20 
(2.6) 
  
Weightmissing - -0.67 
(-2.7) 
-   
Number of 
parameters
10 12 19 
 
Number of 
observations
5990 5990 5990 
Null log-
likelihood 
-6580.69 -6580.69 -39030.8 
Final log-
likelihood 
-3330.9 -3279.7 -14862.4 
Adjusted ρ2 0.492 0.502 0.620 
* Significance at 10% level, t-statistics are reported in parenthesis 
Conclusions 
Model estimation was undertaken on full container movements in import chain at 
Port of Brisbane, Australia. This study addresses the independence among 
observations by considering the shipment bundling, where a shipment can consist of 
one or several containers (5990 shipments consisting of 8167 containers).  
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The results of this study imply that instead of imputing or removing missing data, 
we can increase the model efficiency by explaining the missing information as a latent 
variable based on other characteristics. Considering the estimates, it appears that 
direct delivery is preferable when container arrives on weekends, for shorter distances, 
and for agricultural products, while general cargoes and industrial commodities use 
DCs inside the port as an intermediate stop. Expectedly, having more wholesale trade 
and higher commercial land use in a suburb has a positive impact on the weight of the 
shipment. Also, the probability of using DCs inside the port increases when the arrival 
time of containers is on the early hours of the day after 7am. 
This study leads to an improved insight into the choice of the importers of using 
DCs versus  direct haul delivery. As mentioned in the introduction, the practice of 
establishing new urban DCs often fails because of the lack of knowledge on the 
decision-making process. In this study we identified the main parameters which affect 
this decision, namely the arrival time and date of shipment, the distance traveled and 
weight, and th commodity type that can be inferred from the effects of land use area 
and number of employees of each industry sector. The importance of deriving a 
complete list of factors which affect these decisions is crucial for facility location 
planning, which can be investigated in future research. 
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